UNCLASSIFIED 


AD  NUMBER 


AD834646 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Critical 
Technology;  NOV  1966.  Other  requests  shall 
be  referred  to  Department  of  the  Army, 

Fort  Detrick,  Attn:  Technical  Releases 
Branch,  Frederick,  MD  21701. 


AUTHORITY 


Fort  Detrick/ SMUFD  ltr  dtd  15  Feb  1972 


THIS  PAGE  IS  UNCLASSIFIED 


TRANSLATION  NO,  /J>fS 


:o 

to 

V' 

*0 

00 

* 

.  * 


DATE:  ?/  /Tc  /r 


/pAirC  /r/6,£, 


PDC  AVAILABILITY  NOTICE 

Reproduction  of  this  publication  in  whole  or  in 
part  is  prohibited.  However,  DDC  is  authorized 
to  reproduce  tte  publication  for  United  States 
Government  purposes. 


o  d  r: 

So".  I. 


'STATzsmrr  #2  unclassified' 


J  Ui — <  v - 1 


.  U 


E 


fh*9  dccu-ent  is  suV--r 

tr.:.-.  •  • 

cade  only  u-'V.i  -r  l  r  ;  z  ■ 


f)  fna  •* 


#toj. 


nEPARTMENT  OF  THE  ARMY 
Fort  Detrick 
Frederick,  Maryland 

Jn>/ 


7 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


AEROSOLS  AS  CARRIER  OF  NATURAL  RADIOACTIVITY 


Atomkw..  X.  Stierstadt  end 
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ABSTRACT 

Description  of  an  apparatus  for  ionizing  natural  aerosol  and  for 
classifying  the  particles  by  nobility.  The  natural  }  -activity  of  the 
particles  is  utilised  as  indicator.  It  was  shown  thai  particles  with  a 
radius  between  1  and  Ip  x  10*  ^cm  carry  6p,i  of  the  activity.  Mo  indications 
vara  found  that  a  particular  size  classification  of  particles  is  preferred. 
Comp sr ions  are  made  with  similar  measurements  by  Wi  Hearing  in  Mm  Mexioo, 

'  Introduction 


In  connection  with  a  nunber  of  studies  carried  out  in  our  Institute 
on  natural  and  artificial  activity  of  tho  atmosphere  (Ref.  1),  it  appeared 
desirable  to  investigate  the  distribution  of  activity  over  the  size  range 
of  the  aorosol,  3u?h  measurements  have  already  been  made  by  Wilkenlng  in 
Now  Mexico  for  natural  atmospheric  activity  which  is  about  5  times  higher  in 
New  Mexico  than  in  Munich.  At  the  start  of  our  measurements  in  1959,  the 
artificial  atmospheric  activity  due  to  nucloar-woapons  tests  was  very  low 
so  that  wo  initially  investigated  only  tho  natural  activity.  This  amounted 
during  tho  period  of  measurement  to  approximately  100  to  1,000  times  of  tho 
artificial  activity,  i.e.  in  the  mean  1  to  2  x  10”10  Curie  of  radium  B  ♦  C 
and  2  to  4  x  IQ”12  Curie  of  thorium  B  +  C, 

It  was  of  particular  interest  whether  the  distribution  of  activity, 
on  which  V/ilkoning  concluded  from  his  measurements,  over  only  two  disorete 
classes  of  particle  size,  i.e.  diameters  of  0,9  and/or  1,8  x  10~°  cm, 
existed  also  in  Munich.  It  may  be  assumed  that  the  various  conditions  in 
Now  Mexico  and/or  Munich  responsible  for  the  origin  and  sise  distribution 
of  tho  aerosol  nad  an  influenco  also  on  the  apposition  of  the  radium  and 
thorium  metabolons.  We  therefore  designed  an  apparatus  essentially 
corresponding  to  that  of  Wilkenlng  and  suitable  for  investigating  approxi¬ 
mately  the  same  range  of  mobility* 
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Measuring  Arrangement 

The  apparatus  (Fig.  1)  consists  of  a  cylindrical  condenser  which  the 
air  enters  by  a  snail  ring  gap  along  the  inner  electrode.  The  latter  con¬ 
sists  of  brass  with  a  diameter  of  1.5  om  and  is  at  ground  potential.  The 
outer  electrode  with  an  inner  diameter  of  4  cm  consists  of  10  nickel-coated 
brass  rings  which  can  be  assembled  into  a  tuba  with  a  length  of  40  «■„  The 
electrode  potential  can  be  varied  between  t  0.6  and  *  3  kV, 

Two  laminar  air  streams  are  passed  through  the  cylindrical  condenser. 
Room  air  from  which  activity  has  been  removed  by  a  cotton  filter,  flows  along 
the  outer  electrode  and  serves  to  keep  the  active  outer-air  stream,  entering 
parallel  to  the  inner  electrode,  laminar.  Outer  air  is  drawn  in  by  a  grounded 
brass  tube  with  an  internal  diameter  of  1.5  cm.  It  flows  around  a  tungsten 
coil  serving  as  ionizer  which  is  charged  to  6  kV  in  relation  to  the  ground. 

In  the  vicinity  of  the  tungsten  coil,  the  aerosol  particles  contained  in  the 
air  are  in  largo  part  charged  negatively  by  passing  through  the  negative 
space  charge  of  the  corona  discharge.  The  air  stream  then  enter s  the 
cylindrical  condenser  through  a  ring  gap,  6  cm  long  and  1  mm  wide.  The 
laminar  character  of  the  double  stream  is  observed  with  the  aid  of  cigarette 
smoke  through  a  glass  tube  placed  in  the  location  of  the  anode.  We  determined 
experimentally  the  most  favorable  values  for  the  double  stream,  i.e.  optimum 
largo. Q2,  as  follows!  nor-Aotivo  sir  Q.  =  6.2  nr/br;  active  outer  air  * 

0.6  m-fyh r.  The  volume  af  flaw  was  measured  with  a  gae-flaw  meter. 

the  aerosol  particle*  leave  the  rln,?  gap,  they  move  in 
the  v  .  >  anode  under  the  action  of  the  electric  field.  According 

to  Becker  (out.  5).  there  is  valid  for  their  nobility  h  3CQQ  logs/r  |cgfj 

in  which  Q  =  total  air  flow  volume;  R  =  inner  radius  of  outer  electrode;  r  ■ 
cuter  radius  of  inner  electrode;  U  =  condenser  potential  in  V;  I  «  distance 
from  input  orifice  after  which  the  particle  reaches  the  anode. 

Tiie  individual  rings  of  the  anode  are  thinly  coated  with  vaseline  on 
ths  inside.  At  the  end  of  the  interval  of  exposure,  the  vaseline  coating 
containing  the  radioactive  deposit  was  wiped  off  with  filtor  paper  moistened 
in  benzene  and  the  activity  measured  by  a  ^  -counter. 

Findings 


Some  preliminary  experiments  wore  carried  out  to  test  the  efficiency 
of  the  ionizor.  It  was  necessary  to  determino  the  degree  of  precipitation  of 
tho  arrangement.  Consequently,  an  electrons  filter  (Ref.  4)  of  known  effi¬ 
ciency  was  operated  parallel  to  tho  cylindrical  condenser.  After  exposure 
for  24  hours  and  a  condenser  potential  of  3  kV,  an  overall  efficiency  of 
64.8  v-/-  o.3>  for  natural  activity  was  found.  It  was  shown  that  the  larger 
part  of  tho  remaining  35#  of  tho  activity  was  precipitated  on  the  walls 
between  the  ionizer  and  at  the  discharge  opening  of  the  ring  gap  into  the 
condenser.  Inis  probably  concerns  predominantly  particles  with  high  mobility 
which  are  precipitated  in  the  field  between  ionizer  and  intake  tube  or  those 
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particles  coning  into  contact  with  the  wall  duo  to  turbulence.  Since  the 
following  measurements  concern  only  relative  values  of  activity,  the  cetivity 
precipitated  in  the  ring  gap  was  neglected.  The  result  of  determining  effi¬ 
ciency  indicated  that  the  larger  part  of  the  natural  activity  is  found  on 
small  medium  ions  (cf.  below). 

It  would  be  hotter  in  principle  to  abandon  tho  additional  artificial 
ionization  of  all  particles  an to  utilize  only  the  natural  charge  carriers 
for  tho  count.  This  r  duces  tho  number  of  pc rticlos  to  one- fourth.  At  an 
average  activity  of  1  to  3  impulses  per  minute  on  the  individual  electrode 
ring,  this  was  obviously  not  accopusbio.  Unfortunately,  artificial  ionization 
produces  some  additional  difficulties  in  tho  interpretation  of  tho  findings 
because  tne  charge  distribution  for  particles  in  a  corona  discharge  is  not 
known ,  in  contrast  to  the  natural  charge  distribution. 

Tiro  serioj  of  measurements  wore  carried  out.  The  electrode  potential 
with  3  and/or  C.6  kV  was  solocted  so  that  a  somewhat  larger  range  of  mobility 
than  in  the  measurements  of  Wilkoning  could  bo  dotoctod.  Each  series  consisted 
of  p6  exposures  lasting  24  hours.  Tho  first  sories  at  3  kV  was  carried  out 
in  March  and  April  1959  and  tho  second  at  0.6  kV'in  May  and  June  1959* 

The  result  is  sho-m  in  Tig.  2.  Tho  activity  of  tho  individual 
electrode  sections  in  percent  of  total  activity  for  each  measurement  series 
is  represented  as  function  of  mobility.  Tho  individual  anode  sections  are 
designated  by  lower-case  Latin  letters  (the  measurement  of  Wilkening  had 
also  been  plotted  for  comparison).  In  regard  to  the  extent  of  activity,  the 
two  moas’irexent  series  are  comparable  only  conditionally  since  tho  efficiency 
at  0.6  kV  is  only  about  ono-half  of  that  at  3  kV.  All  particles  with  mobility 
below  4  cgs-units  are  no  longer  precipitated  at  0.6  kV.  A  considerable 
difficulty  in  evaluation  was  represented  by  the  low  activities  which  were 
in  the  mean  about  10  to  20  impulses  por  minuto  for  tho  entire  anode.  A 
maximum  of  5  impulses  por  minute  was  found  for  1  ring.  Consequently  the 
values  show  considerable  scatter  during  tho  individual  exposures.  The  mean 
errors  aro  plotted  in  Fig.  2  by  thin  linos.  Valkoning  does  not  indicate 
any  errors,  however ,  they  can  be  estimated  from  the  other  data  and  are  of 
tho  same  order  of  magnitude  as  ours.  Tho  particle  radii  for  different  charge 
values  were  calculated  with  the  Stokes- Cunning ham  formula  and  plotted  In 
Fig.  2 i  b  _  na(l- B/poi  in  which  b  =  mobility;  e  -  elemental  charge;  p  = 

6-x- ij -o 

air  pressure  in  cm  Kg;  n  =  number  of  elemontal  charges;  a  =  particle  radius; 

3  =  constant  =  0.000617;  tj  =  vdoocity  of  air. 

Discussion  of  rindin-s 

The  distribution  of  activity  over  tho  difforont  mobilities  initially 
offers  a  rather  confusing  picuuro.  It  appears  as  if,  in  the  range  between  1 
and  10  cgs,  three  classes  of  nobility  (h^  o  and  b  +  c)  seem  noticeably 
preferred,  oven  in  consideration  of  the  error  limits  (3-kV  sories).  In  the 
r.nge  between  5  and  100  cgs  ( 0.6-kV  series),  howevor,  a  rather  uniform 
distribution  was  found.  Comparison  with  the  measurements  of  Wilkening 
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(also  plotted)  shows  preferred  regions  which  concord  approximately  with  our 
regions  j,  e  -\nd  b.  VJhon  taking  into  account  the  error  limits,  this  eoiw 
cordance  would  not  appear  to  be  purely  random.  In  spite  of  the  probably 
rather  different  conditions  for  the  origin  and  composition  of  aerosols  in 
Kow  Mexico  and/or  Munich,  there  consequently  results,  in  the  range  of  the 
small  medium  ions,  a  similar  distribution  of  mobility  of  natural  activity. 

However,  the  objoctivo  of  our  investigations  vas  primarily  the  range 
of  size  of  the  carriers  of  natural  activity.  Prerequisite  for  this  is  know¬ 
ledge  of  the  charge  distribution,  '/likening  assumes  that  almost  <  ly  single 
charged  particles  exist  in  the  range  of  size  investigated  and  cites  as  proof 
that  no  multiple  charged  par tic], os  wore  manifested  in  his  measurements. 

This  assumption  is  valid  for  the  natural  charge  distribution  in  tho  ataniphore* 
However,  in  tho  ion  atmosphere  of  a  corona  discharge,  a  maximum  charge  be¬ 
comes  adjusted  for  particles  below  a  radius  of  10~**  cm  according  to  the 
following  relation  (Ref.  5)*  n=  2  •  10“  *  a. 

As  will  be  seen  from  tho  scales  for  the  particle  radii  in  Fig.  2, 
charge  1  (corresponding  to  a  radius  of  5  x  10**  cm)  lies  exactly  in  the 
middle  of  the  range  of  size  investigated.  Tho  occurrence  of  multiple  charges 
is  therefore  entirely  probablo.  With  our  arrangements,  the  particle  re¬ 
mained  about  5  x  10-3  sec  in  the  corona  discharge.  This  time  is  sufficient 
for  about  25/  of  the  particles  to  reach  maximum  charge.  The  time  between 
charging  and  precipitation  of  the  particles  lies  between  2.5  and  14  x  10*3 
sec.  It  may  bo  assumed  that  at  least  a  part  of  the  multiple  charged  partlolee 
retains  the  charge  during  this  time.  More  detailed  indications  on  the 
multiplicity  and  life  span  of  tho  artificially  produced  particle  charge  are 
only  infrequent  in  the  present  literature.  •  It  would  therefore  be  perhaps 
tost  to  entirely  abandon  the  artificial  ionization  of  the  particles  and  to 
restrict  tho  investigation  to  natural  charge  carriers.  However,  this  would 
make  it  necessary  to  appreciably  enlarge  the  dimensions  of  the  arrangement. 

Such  investigations  are  under  consideration, 

Tho  following  table  contains  the  evaluation  of  our  measurements 
(Fig.  2)  by  particle  size.  In  consideration  of  the  above  statement  on 
charging  conditions,  the  principally  occurring  particle  radii  are  listed  and 
the  electrode  sections  on  which  they  are  found  with  different  charged  values 
are  indicated. 


Evalu a tlon  of  Mo.-.suro,  :ants 
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a  =  particle  radius  in  10*7  cm;  b  *  occurrence;  a  ■  single  charged  ;  d  ■ 
double  charged;  e  ®  triple  charged. 
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It  will  be  soon  that  tho  viewpoint  adopted  by  V&lkening  that  the 
greater  part  of  natural  activity  is  distributed  among  only  t*»  classes  of 
size,  i.e.  radii  of  4.5  an  d  9  x  10"'  cm,  is  not  confirmed  for  conditions 
in  Lunich.  .'ior  cover,  it  should  not  be  expoctod  that  the  aerosol  of  large 
cities  exists  in  so  closely  adjacent  discrete  particle  sizes  that  the 
radon  and  thoron  metabolor.s  prefer  such  discrete  partiele  sizes.  Further 
investigations  are  net:  to  be  carr  d  out  wit  .out  artificial  ionization 
and  aro  to  extend  over  a  greater  range  of  robility. 


r  -bliorranhy 


1.  ..tori-.cmcnurgio  1.  237,  1956;  2.  l6l,  438,  195?:  3.  2,22,  I9561  4,  147, 

303,  431,  1959. 

2.  bilk-.^xg,  M.  H.:  Rev.  Soi.  Instr.  23,  13,  1952. 

3.  Bockor,  A.;  Ann.  Pays.  31,  98,  1910. 

4.  Vagner ,  R. :  Atoikernenorgio  4,  481,  1959. 

5.  Engel,  A,  V.,  und  K.  Steenbock:  Electric  gas  discharges,  volume  2, 

(Berlin  1934). 


ao 


Fig.  1  -  Cylindrical  condenser 

1  =  inner  electrode; 

2  =  outer  electrode; 

3  =  intake  tube; 

It  -  cotton  filtor; 

5  =  tungsten  coil; 

6  **  ring  gap. 

a  -  dust-free  air; 
b  =  dust-containing  air; 
o  *  to  pump. 


Abb.  2 »  V»ri«ilvrg  der  AktivitAl  (in  frown ♦ 
d«r  OoiomfoktivilAt  i#d*r  MtOroibo)  4i« 
&ewef>lichke.t. 

ft  . (»— j)  I.  S*ri#  b«i  3  LV 

b  —  (k— u)  II.  S#ri«  0/  kV 

mv*  ooo  McOpwnkr*  von  Wilkvning 
f|,  r$,  f|  Rod  ««  IJr  1*.  2-,  Vech 
•  Qnlndw  T«tkbon 


Fig.  2  -  Distribution  of  acti'/ity  (in  percont  of  total  activity  of  eaoh 
measurement  series)  over  mobility. 

a  =  (a -i)  3-kV  series;  b  *  (k-u)  0.6-kV  series;  c  »  measuring  points  of 
Wilkening;  d  =  r1 ,  r,.  r^  ■  radii  for  single-,  double-,  triple- charged 
particles;  f  =  aotivityrg  «  mobility. 
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Abb.  1 1  2yUnd€»Vondor»io»or  ft  — — —  tloubfrriv  Lvfl 

^  ♦-....  ttoeohaittgo  Lvfl 

1  Inneneiektrod*  4  Woltcfiltvr 

2  Awflvnerfekfrod*  5  Wolbompirolo 

3  Antewgrohr  A  8i**g«polt 
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